Purpose Avoiding chemotherapy during the last 30 days of life has become a goal of cancer care in the United States and Europe, yet end-of-life chemotherapy administration remains a common practice worldwide. The purpose of this study was to determine the frequency of and factors predicting end-of-life chemotherapy administration in Uganda.
INTRODUCTION
Although cytotoxic chemotherapy is often associated with improvements in quality and quantity of life among patients with advanced cancer, 1-3 the benefit of its use at the end of life is uncertain. Chemotherapy in the last days of life is not associated with a survival benefit, and recent data suggest it may cause harm by decreasing quality of life and increasing costs. [4] [5] [6] As a result, death within 30 days of chemotherapy has been used as a quality indicator for cancer care. 6, 7 Both the European Society of Medical Oncology and ASCO have published position statements encouraging discussions about the appropriate cessation of chemotherapy. 8, 9 However, the implementation of such recommendations has been limited. 10, 11 In 2012 alone, there were an estimated 645,000 new cancer diagnoses and more than 450,000 cancer-related deaths in Africa. 12 In Uganda, cancer survival is less than 13% for all cancers except for breast, and of the nearly 4,000 new patients with cancer seen annually at the Uganda Cancer Institute (UCI), more than 75% present with stage III or IV disease (Low et al, manuscript in preparation). 13 Although various prognostic indices aid in the decision of whether and when to administer chemotherapy in resource-abundant areas, the ability to accurately predict response to therapy and prognosis in Uganda is limited by incomplete laboratory and clinical data. Deciding whether to administer chemotherapy in advanced disease in this setting and, if administered, determining the optimal time to stop chemotherapy are challenging. To address the dearth in knowledge concerning chemotherapy use at the end of life in sub-Saharan Africa and to better gauge current oncology practices at the end of life in Uganda, we conducted a mixed-methods study to evaluate the use of chemotherapy at the UCI. The UCI employs 28 doctors and is the only comprehensive cancer center in the area, serving a catchment area of more than 100 million people in Uganda and adjacent regions of several neighboring countries (Uganda Cancer Institute/Hutchinson Cancer Care Alliance, unpublished data).
METHODS

Chart Abstraction
Medical records of all patients > 18 years old diagnosed with cancer at the UCI who died between January 1, 2014, and August 31, 2015, were reviewed. Data abstracted from eligible participants' charts included demographic information, clinical diagnosis, date of diagnosis, stage of disease, chemotherapy administration, date of last chemotherapy, performance status at time of chemotherapy (or performance status at admission if chemotherapy was never administered), comorbidities, involvement of a palliative care specialist, and date of death.
We defined chemotherapy as cytotoxic agents (eg, cisplatin), targeted therapy (eg, imatinib), and immunotherapy (eg, rituximab). Endocrine (including leuprolide) and bisphosphonate therapies were defined as supportive treatments. Cancers with a historic response rate of at least 50% to first-line chemotherapy were deemed chemotherapy sensitive; all other tumors were considered to be not chemotherapy sensitive. 6, 14, 15 Cancer types that were not specified in the medical charts were excluded from the chemotherapy sensitivity analysis. Early diagnosis was defined as being diagnosed with cancer more than 60 days before death. 16 Patients whose medical files either had no confirmatory cancer diagnosis or could not be found by the medical records office were excluded. Vital status was determined by the UCI medical records office and confirmed by each patient file. Only patients who were confirmed to be deceased were included; patients who died at home with no verification by the UCI records office were excluded.
Survey and Interview
After discussion with UCI physicians and adaptations from the literature, a survey was designed that assessed physician views on end-of-life chemotherapy and factors influencing the cessation of chemotherapy. [17] [18] [19] This survey was offered to all doctors at the UCI, excluding the authors, who had provided clinical care within 6 months of survey administration.
Between April and May 2016, one author (D.L.) conducted one-on-one semistructured interviews with seven doctors from the UCI who were identified via purposive sampling to capture diverse perspectives. Participant recruitment continued until thematic saturation was reached. An interview guide with open-ended questions was used to explore participants' management approach to advanced cancers. Open-ended questions were followed with probes for in-depth understanding of participants' responses. Finally, participants were asked to assess and give care plans for two hypothetical patients with metastatic cancer (Data Supplement). These interviews were conducted in English, audio-recorded, and transcribed verbatim by the author (D.L.).
Data Analysis
REDCap software (projectredcap.org) captured the chart abstraction and survey data. STATA version 14.1 (STATA, College Station, TX) was used for statistical analysis of the chart review. Bivariable logistic regression was used to test for factors correlated with the receipt of chemotherapy (because life expectancy after cancer diagnosis was so limited in this cohort) and factors influencing chemotherapy administration in the last 30 days of life. All bivariable factors with a P < .20 were included in a multivariable logistic regression. 20 Proportional statistics were used to describe survey results regarding the frequency with which doctors felt certain factors influenced their chemotherapy decision making. 
RESULTS
Chart Review
A total of 738 adult patients at the UCI met eligibility criteria. For these patients, 138 medical charts (18.7%) could not be found, and five charts (0.7%) were created but had no confirmed cancer diagnosis, leaving 595 medical charts (80.6%) for this analysis.
The median patient age was 46 years (interquartile range, 35 to 60 years; range, 18 to 95 years), and men and women were equally represented (Table 1) . Patients were clinically diagnosed with cancer a median of 57 days before their date of death (interquartile range, 13 to 225 days).
The receipt and timing of chemotherapy varied by cancer type (Fig 1) . Three hundred ninety-two patients (65.9%) received any chemotherapy. In total, 45.4% of patients received chemotherapy in the last 30 days of life. Of those ever receiving chemotherapy, 68.9% received chemotherapy in the last 30 days of life.
The receipt of chemotherapy was associated with age, timing of cancer diagnosis, and Eastern Cooperative Oncology Group (ECOG) performance status at presentation (Table 2) . Patients younger than age 55 years (odds ratio [OR], 2.30; P = .004), those who were diagnosed with cancer more than 60 days before death (OR, 9.13; P , .001), and those with presenting ECOG performance statuses of 0 to 2 (OR, 2.47; P = .001) were more likely to receive chemotherapy (Table 2) .
Age, timing of cancer diagnosis, and performance status were not predictive of receiving chemotherapy in the last 30 days of life. There were no observed factors, including patient residence, comorbidities, or the involvement of palliative care specialists, that were predictive of chemotherapy administration in the last 30 days of life (Table 2) .
Survey and Interviews
Twenty-five of 26 eligible doctors at the UCI participated in the survey (Table 3) . Eighteen doctors (72%) were men, and 22 doctors (88%) reported receiving training in palliative care during their medical education (Table 3) .
Seven of the surveyed doctors also participated in individual interviews (Table 3) . They included medical officers (completed medical school) and medical officers special grade (completed medical school and masters-level training; Table 3 ).
Factors Influencing End-of-Life Chemotherapy Use
UCI physicians referenced several factors influencing their decision to use chemotherapy at the end of life, including performance status, cancer type and chemotherapy sensitivity, patient expectations, and a lack of treatment guidelines. All doctors interviewed emphasized the difficulty in making decisions regarding end-of-life chemotherapy.
Performance Status. When deciding whether to give chemotherapy in advanced cancers, six of seven interviewed doctors referenced the importance of assessing the patient's ECOG performance status.
What is the patient able to do for themselves? Are they ECOG 1, ECOG 2, or are they ECOG 3 or 4? Studies have shown that with ECOG 3 or 4 and with advanced disease, outcomes are not good. And so, again that would guide me, should I give chemo, should I not give chemo. (Doctor 6) The survey reinforced this statement, because 80% of doctors noted that performance status strongly influenced their decision to terminate chemotherapy (Fig 2) .
Type of Cancer. In determining chemotherapy treatment, the doctors who were interviewed also stressed the importance of cancer type.
There are some cancers that respond to chemo even when they are stage 4 and there are those that don't respond. 
Other tumors Small cell and lung cancers, as medical records did not specify type of lung cancer non-small-cell Because doctors do not have end-of-life treatment protocols, they cannot use evidence-based criteria to decide when to treat. In a hypothetical clinical scenario involving metastatic colorectal cancer presented to six of the seven interviewees, two of six doctors claimed they would treat with chemotherapy, two of six claimed they would not treat with chemotherapy, and two of six were unsure.
Chemotherapy Culture
Although many factors influence physicians' decisions about whether to treat advanced cancers with chemotherapy, doctors felt that it was best to treat when there was uncertainty. Doctors reported positive feelings toward chemotherapy use, noting it offered the possibility of cure or at least symptom relief. There was no consensus on whether the treatment patterns at the UCI were best clinical care or overtreatment. In the survey, 36% of physicians felt that chemotherapy was given too close to death, 12% were unsure, and 52% disagreed that chemotherapy was given too close to death (Fig 2) . Of the interviewed doctors who felt chemotherapy was given too close to death, there was strong concern over the aggressive administration of chemotherapy.
It's horrible. Our outcomes, our treatment outcomes are terrible. I don't have figures or numbers, but I would think we are not doing much. We are killing more than we are curing . . . patients are given chemotherapy and then in 48 hours they are dead. You know? And you're asking yourself, why? (Doctor 1)
Hope. Doctors tended to treat patients because they felt there was always a chance for a cure and that doctors should not take hope away from patients.
Everyone deserves a chance to, you know, try for a cure. Like I give you and maybe you improve. . . . People don't want to give up on their patients. (Doctor 1)
In the survey, 16 (67%) of 24 doctors reported feeling a sense of failure when transitioning from curative therapy to exclusively palliative treatment (Fig 2) .
DISCUSSION
End-of-life cancer care is a significant challenge in sub-Saharan Africa because the best timing and use of chemotherapy in advanced cancers are unclear. We studied end-of-life care at the UCI, reviewing all recorded deaths among adult patients with cancer over a 20-month time period, as well as surveying and interviewing doctors at the UCI. We aimed to describe end-of-life chemotherapy practices and assess the culture of chemotherapy use in patients with terminal cancer in Uganda.
In our study, patients younger than age 55 years, those with a better performance status, and those diagnosed with cancer more than 60 days before death were more likely to receive chemotherapy. Nearly half of all patients were given chemotherapy in the last 30 days of life. Despite doctors' insistence in the survey and interviews that they used performance status, cancer type, and tumor chemotherapy sensitivity in deciding whether to give chemotherapy to terminal patients, none of these factors were found to be predictive of chemotherapy use in the last 30 days of life. Our data suggest that chemotherapy treatment in patients with advanced cancer at the UCI may be influenced more strongly by nonclinical factors than by clinical factors.
The frequency of chemotherapy administration near the end of life in Uganda is one of the highest in the world. 16 There are many possible explanations for this. First, uncertainties in cancer staging and the absence of prognostic biomarkers may have led providers to err on the side of treating more aggressively. This is suggested by the qualitative data, where doctors emphasized treating with chemotherapy when there was clinical uncertainty. Second, more than half of UCI patients were diagnosed with cancer less than 2 months before death. All of these patients were chemotherapy naïve, and so such treatment often may have been appropriate. Unlike many other studies documenting the use of chemotherapy near the end of life with patients treated for relapsed and refractory disease, the patients in our cohort were predominantly receiving firstline chemotherapy. Third, the distribution of cancer types in our cohort varied substantially from other published studies. Kaposi sarcoma, the most common cancer in our study, was one of the most commonly treated cancers within the last month of life and has rarely been reported in previous studies. Other studies have found endof-life chemotherapy treatment to be correlated with cancer type, and this may partially explain the high rates of chemotherapy use in Uganda. [21] [22] [23] Finally, cultural expectations around cancer care, both in patients and providers, may differ substantially from settings where chemotherapy use at the end of life has previously been studied. Accessible and affordable chemotherapy has only recently been available to many patients in Uganda. Because it often takes patients more than 7 months from the onset of cancer symptoms to register at the UCI (Low et al, manuscript in preparation), many patients and families consume nearly all of their resources to obtain a cancer diagnosis and subsequently feel entitled to treatment upon arriving at the UCI.
Regardless of rationale, the high rate of chemotherapy use at the end of life raises questions of efficacy. It is difficult to gauge the appropriateness of chemotherapy use at the end of life in Uganda because of the dynamic clinical picture in which late-stage, treatment-naïve patients are the norm. This suggests there may be opportunities to develop evidence-based guidelines for the provision of chemotherapy in patients with advanced-stage cancers in Uganda. Such guidelines should be informed by clinical criteria and nonclinical factors that influence doctors' decisions. Although UCI doctors reported making end-of-life chemotherapy decisions on the basis of ECOG performance status, cancer type, and patient hopes, as has been noted in other studies throughout the world, 6, [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] the chart abstraction showed that none of these factors predicted chemotherapy use in the last 30 days of life. This difference in perceived and observed behavior demonstrates that these clinical measures are not the only decision-altering factors. The other key factors identified in the interviews, including a lack of outcomes data and patients' expectations of treatment, may influence doctors' decisions more than previously appreciated. Hence, although it remains essential to develop evidence-based end-of-life treatment guidelines relevant to sub-Saharan Africa, such clinical algorithms must understand and incorporate nonclinical factors into their provisions for chemotherapy treatment near the end of life.
It is important to acknowledge this study's limitations. A significant amount of data was missing; more than 18% of medical files were not found. Additionally, although deaths on the inpatient units were reliably recorded in the medical records logbook, deaths outside of the hospital were only recorded and included if family of deceased patients contacted the UCI about a patient's death. This biases the data to in-hospital deaths and, therefore, may overstate the use of chemotherapy near death. Finally, the medical records inconsistently recorded chemotherapy doses and rarely listed cause of death, making it difficult to interpret the efficacy of chemotherapy administration.
In conclusion, as the first published examination of chemotherapy use at the end of life in subSaharan Africa to our knowledge, this study showed that the rate of chemotherapy use in the last 30 days of life in Uganda is among the highest in the world. This is likely a result of myriad factors including late presentation of disease by chemotherapy-naïve patients. Although age, timing of diagnosis, and performance status were predictive of the use of chemotherapy as a treatment modality, there were no predictors of chemotherapy use in the last 30 days of life, despite doctors' qualitative insistence on using performance status, cancer staging, and cancer type to make these decisions. Because aggressive, end-of-life chemotherapy has demonstrated no survival benefit and often causes harm in resource-abundant settings, 5, 7 there is need for evidence-based guidelines for end-of-life chemotherapy treatment specific to sub-Saharan Africa. The following represents disclosure information provided by authors of this manuscript. All relationships are considered compensated. Relationships are self-held unless noted. I = Immediate Family Member, Inst = My Institution. Relationships may not relate to the subject matter of this manuscript. For more information about ASCO's conflict of interest policy, please refer to www.asco.org/rwc or ascopubs.org/jco/site/ifc.
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